The carbodiimide 2, obtained from aza-Wittig reaction of iminophosphorane 1 with aromatic isocyanate, reacted with α-amino ester in the presence of triethylamine to give imidazo[2,1-b]quinazoline-2,5(1H,3H)-diones 5 (when R 2 is H) or quinazolinones 6 (when R 2 is not H).
Introduction
Due to the broad spectrum of biological properties of derivatives of quinazolinone their synthesis has been a focus of significant interest for many years. Some of these activities include antimicrobial, 1 antiinflammatory, 2 antifungal, 3 anticancer, 4 and AMPA receptor antagonist properties. 5 The range of chemical structures and their biological activities have made synthetic studies of quinazolinones very attractive. Similarly, heterocycles containing the imidazolone nuclei also exhibit various biological activities, with several exhibiting antibacterial, antifungal activities, leukotriene B 4 receptor antagonist properties, and potassium channel openers. 6 Others in the same class appear in a variety of biologically active molecules, particularly in some alkaloids in which a common structural unit is a derivatized 2-amino-4H-imidazol-4-one moiety. 7 Thus is likely that the introduction of an imidazolone ring into the quinazolinone system would influence the biological activities significantly. In fact, some imidazo[2,1-b]quinazoline-2,5(1H,3H)-diones have been used as gastric secretion inhibitors. 8 However, there are only few reports on the synthesis of imidazo[2,1-b]quinazoline-2,5(1H,3H)-diones.
Results and Discussion
Iminophosphorane 1 reacted with aromatic isocyanates to give carbodiimides 2, which were then reacted with an α-amino ester at room temperature in the presence of triethylamine. Imidazo[2,1-b]quinazoline-2,5(1H,3H)-diones 5 were obtained exclusively where the R 2 group is H, but only quinazolinones 6 were produced where R 2 group was not H (Scheme 1).
The literature suggests 12 that the reaction of carbodiimides 2 with an α-amino ester is likely to afford primarily guanidine intermediates of type 3. From 3, the formation of three cyclized products imidazolone 4 (via path b), quinazolinone 6 (via path a), and quinazolinone 7 (via path c) could in principle take place. The formation of 5 (R 2 = H) is expected to come about as a result of a cascade cyclization of 3 to an imidazolone intermediate 4, and further base catalytic cyclization between the imidazolone ring's NH and ethoxylate. The result also illustrated that the imidazolone 4 is more easily produced from intermediate 3 than quinazolinone 6 when the R 2 group is H, but the quinazolinone 6 is preferentially formed when R 2 group is not H. The reaction selectivity is probably due to the steric hindrance of the R 2 group which retards the cyclization of 3 to 4 (via path b) in the cases where the R 2 group is not H. 
Scheme 1
The exclusive formation of 6 (where R 2 group is not H) can be rationalized in terms of a base catalytic cyclization of the guanidine intermediate 3 to give 6 across the arylamino group (R 1 = Ar) (path a) rather than the alkylamino one (path c). This is likely to be due to the preferential cyclization of more acidic -NHR 1 in the basic conditions. The same selectivity is observed in similar cases. 13 The structure of 6 is deduced from 1 H NMR data. For example, the 1 H NMR spectrum of 6d (R 2 = i-Pr) shows the signals of NH at 4.53 ppm as a doublet and NCH at 4.72 ppm as two doublets, which strongly suggest the existence of a NHCH(i-Pr)COOEt group in 6d. The structure of 6 was confirmed by X-ray crystallographic analysis. A single crystal of 6b was obtained by slow evaporation from a dichloromethane-petroleum solution. X-ray structure analysis verified again the proposed structure, and showed that the quinazolinone system is approximately planar. The double bond length of C (14)=N (2) 
Scheme 2
The structure of imidazo[2,1-b]quinazoline-2,5(1H,3H)-diones, 5, was confirmed by their spectroscopic data. For example, the 1 H NMR spectrum of 5d shows two signals at 4.93 ppm as quartets, and 1.91 ppm as a doublet, due to the CH and CH 3 , respectively. The signals attributable to the 6-H and other Ar-Hs are found at 8.25 and 7.71-7.38 ppm as a doublet and multiplet, respectively. The IR spectra of 5d had two C=O absorption bands at 1756 and 1698 cm -1 , due respectively to the imidazolone and quinazolinone carbonyl group. The mass spectrum of 5d shows a strong molecular ion peak at m/z 291 with 100% abundance. Furthermore, a single crystal of 5o was obtained from its dichloromethane solution. X-ray structure analysis verified again the proposed structure, and showed that all ring atoms in the tricyclic moiety are essentially planar, with the maximum deviations -0.041 (2) Figure 2. ORTEP diagram of the crystal structure of tricyclic compound 5o (drawn at the 50% thermal ellipsoids). Only the major conformer is shown, and the disordered atoms have been omitted for clarity.
In conclusion, we have developed an efficient synthesis of imidazo[2,1-b]quinazoline-2,5(1H,3H)-diones via a consecutive aza-Wittig/heterocumulene-mediated annulation. This method utilizes easily accessible starting material and allows mild reaction conditions, straightforward product isolation and good yields.
Experimental Section
General Procedures. Melting points were determined using a X-4 model apparatus (Beijing Taike Company 
General procedure for the preparation of imidazo[2,1-b]quinazoline-2,5(1H,3H)-diones 5a-5c and 4(3H)-quinazolinones 6a-6f from iminophosphorane 1
To a solution of iminophosphorane 1 15 (1.27 g, 3 mmol) in dry dichloromethane (15 mL) was added aromatic isocyanate (3 mmol) under nitrogen at room temperature. After the reaction mixture stood for 6-12 hours at 0-5 °C, the solvent was removed off under reduced pressure and ether/petroleum ether (1:2, 20 mL) was added to precipitate triphenylphosphine oxide. Filtered, the solvent was removed to give carbodiimide 2, which was directly used without further purification. A mixture of α-amino acid ester hydrochloride (3 mmol) and triethylamine (0.61 g, 6 mmol) in acetonitrile (10 mL) was stirred for 10 min and filtered. Then the filtrate was added at room temperature to the solution of carbodiimide 2 as prepared above. After stirring for 1-6 hours, the reaction mixture was condensed and the residue was recrystallized from dichloromethane / petroleum or purified on a short silica gel column to give imidazo[2,1-b]quinazoline-2,5(1H,3H)-diones 5a-5c or 4(3H)-quinazolinones 6a-6f. , 4.50; N, 14.42. Found C, 69.95; H, 4.70; N, 14.62 . Ethyl N-(4-oxo-3-phenyl-3,4-dihydro-2-quinazolinyl) (1) Crystallographic data (excluding structure factors) for the structure of 6b reported in this 
General procedure for the preparation of imidazo[2,1-b]quinazoline-2,5(1H,3H)-diones 5a-5p from iminophosphorane 9
To a solution of iminophosphorane 9 14 (2 mmol) in dry dichloromethane (15 mL) was added isocyanate (2 mmol) under nitrogen at room temperature. The reaction mixture was stirred for 24 h at room temperature and then several drops of EtONa in ethanol were added. The mixture was stirred for 1-6 h at room temperature. The solution was concentrated under reduced pressure and the residue recrystallized from EtOH or purified by a short silica gel column to give imidazo C, 66.40; H, 6.32; N, 15.49. Found C, 66.74; H, 6.15; N, 15. C, 75.19; H, 4.66; N, 11.44. Found C, 75.43; H, 4.70; N, 11.27 . 159.2, 148.3, 147.6, 134.7, 132.8, 129.3, 129.2, 128.9, 128.5, 127.9, 127.6, 126.6, 125.5, 119.6, 59.4, 33.5 , 5.74; N, 12.60. Found C, 72.18; H, 5.71; N, 12.63 . 1-(4-Chlorophenyl)-3-isobutylimidazo[2,1-b]quinazoline-2,5(1H,3H)-dione (5m) 4, 148.8, 148.0, 134.7, 130.9, 129.3, 128.9, 126.7, 126.6, 125.4, 120.0, 57.6, 37.4, 24 , 4.93; N, 11.42. Found C, 65.14; H, 4.77; N, 11.48 . C, 68.20; H, 7.07; N, 14.04. Found C, 66.44; H, 7.25; N, 13.86 . X-Ray crystal structure analysis for compound 5o. Formula C 17 H 21 N 3 O 2 , colorless crystal. The crystal is of monoclinic, space group P2(1)/c with a = 8.9420 (6) Crystallographic data (excluding structure factors) for the structure of 5o reported in this 
